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§1 0. Experimental Simulation of the Divertor in 
High Heat Flux Sheet Plasma 
Kawamura, K., Takayama, K. (Res. Inst. Sci. Tech. Tokai 
Univ.), 
Tonegawa, A. (Dept. Phys. Sci. Tokai Univ.), 
Shibuya, T. (Dept. Elect. Photo. Opt. Tokai Univ.), 
Watanabe, T., Ohyabu, N., Suzuki, H. 
Under the detached divertor regimes, the importance 
of the recombination process associated with molecular 
reactions, such as the molecular activated recombination 
(MAR) involving a vibrationally excited hydrogen 
molecule, has been emphasized m theoretical 
investigation and modeling. 
In this paper, we present the first experimental 
evidence of the charge exchange recombination in MAR 
via negative ions formation of hydrogen atom on 
hydrogen detached plasma in the linear divertor plasma 
simulator, TPDSHEET -IV (Test Plasma produced by 
Directed current for SHEET plasma) .1) 
The experiment was performed in the linear divertor 
plasma simulator TPDSHEET -IV IV as shown in Fig.l. 
The strength of the uniform magnetic field in the 
experimental region formed by ten rectangular magnetic 
coils was of 0. 7 kG. The sheet plasma was terminated 
by the electrically floated and water-cooled target plate, 
which was made of stainless steel at the axial position of 
z = 0. 7 m from the discharge anode electrode. The 
hydrogen plasma were generated with the hydrogen gas 
flow of 70 seem at the discharge current of 50 A. The 
neutral pressure Poiv in the divertor test region was able 
to be controlled from 0.1 to 20 mtorr by feeding a 
secondary gas. The electron temperature and the electron 
density were measured by the Langmuir probe. The value 
of W was measured with the calorimetric method. A 
cylindrical probe made of tungsten (0.4 x 2 em) was used 
to measure the spatial profiles of H- by a probe-assisted 
laser photodetachment method. The Balmer spectra of 
visible light emission from hydrogen atoms were detected 
at the axial position of 3 em apart from the target plate. 
Analysis of the Balmer series line intensities show that 
the upper levels of these transitions · are populated 
primarily by radiation recombination. Thus the brightness 
of the Balmer series, such asHy, are directly related to the 
recombination rate of EIR. Therefore the ratio of the Hy 
to Ha line intensities can be used as EIR indicator, where 
Ha Line is considered as that related to the charge 
exchange recombination mentioned subsequently. 
Fig 2 shows the dependence of W to the target plate, 
the hydrogen Balmer spectrum ratio Hy/Ha of visible light 
emission, and the maximum value of the negative ion 
density of hydrogen atom, H-max on hydrogen gas pressure 
Poiv· At a small amount of secondary hydrogen gas 
puffing into a hydrogen plasma H- max has a hill-shape 
profile until Poiv - 5 mtorr and the maximum value of 
H-max is 2x1014 m-3 at Poiv - 2 mtorr , although the Under 
these conditions, the heat flux to the target W is reduced 
strongly although the EIR processes were quenched. The 
further decrease of H- max and the increases of hydrogen 
Balmer spectrum ratio Hy and Ha of visible light 
emission were observed in front of the target . plate 
beyond Poiv - 5 mtorr in which the EIR processes in full 
detachment region are predominant. 
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Fig.1 Schematic diagram of linear divertor plasma 
simulator TPDSHEET-IV. 
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Fig.2 The dependence of W to the target plate, the 
hydrogen Balmer spectrum ratio H/Ha of visible 
light emission, and the maximum value of the 
negative ion density of hydrogen atom, H-max on 
hydrogen gas pressure Poiv· 
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